When methane-producing microbial communities are mixed experimentally, the resulting community is dominated by the community with the greatest resource-use efficiency. These results suggest a degree of community cohesion, or the maintenance of that initial community in the mix.
From a macro-perspective, for example, thinking about plants, it may seem peculiar to consider what would happen if entire communities encounter each other and mix. Community ecologists are used to thinking about members of individual species moving, rather than the entire community. For microbes, this situation may be much more commonplace than currently appreciated; this is because of their small size (and therefore their local community) and the frequency with which environmental pieces containing such microbial communities are transported. Such mixing of entire communities has been called community coalescence [1] . Even though community coalescence events can be imagined in many situations [2] , they are particularly evident in aquatic systems because of the ease and likely completeness of mixing. This circumstance was the basis of a recent study in Current Biology by Sierocinski et al. [3] , who used aquatic microbial communities of methanogens in their laboratory experiments. The focus on the process of methanogenesis was a very good choice, since there is a clear final product to monitor (methane gas) and the various contributions to the process are distributed across a range of microbial taxa. The authors found that the community that resulted from mixing most resembled the community with the greatest productivity, and that the methane production of the mix over time also was indistinguishable from that of the more efficient community. Additional analyses revealed that cooccurring taxa of the most efficient community appeared to be maintained in the mixture; this interesting result raises questions about the general nature of communities.
The Nature of the Community In ecology textbooks, the view of an ecological community tends to be dominated by an implicitly individualistic perspective: that is, a concept of the community that highlights the role of individually acting species [4] , deemphasizing the potential coevolutionary history among community members. By contrast, the paradigm that most extremely emphasizes the notion of strong coevolutionary forces within a community, making this community a recognizable unit, is the 'superorganism' view of communities [5] . As is often the case, the truth is probably somewhere in the middle. Although it certainly seems an exaggeration to view the community as such a tightly regimented entity, it is also perilous to ignore the fact that coevolutionary processes can play an important role in communities.
What better way to examine this level of community cohesion [6] than to see what happens when you mix entire communities. Will the resulting community be a complete mosaic of the communities entering the mix, or will the coalesced community reflect mostly one, hinting at a greater degree of cohesion? Results from the new study [3] are consistent with the notion of certain modules within the community (presumably consisting of co-evolved members) having been maintained in the coalesced community.
Open Questions
The paper opens the door to systematic experimental investigation of mixed microbial communities, moving beyond idiosyncratic examples and towards testing specific hypotheses with an excellent model system. This is necessary to move the theory underlying such interactions forward as well. There are many exciting open questions.
Can such coalescence events be carried out with communities with different degrees of co-evolutionary history? It will be interesting to test the hypothesis that a community with a more pronounced chance for co-evolution to occur among its members (for example by co-culturing them for longer periods of time) will dominate a coalescence event with a comparable community with a decreased degree of co-evolutionary relationships. A recently proposed metric of cohesion [7] , which allows for quantification of the degree of connectedness between taxa in a community, could be applied to test such hypotheses. Exclusion of individuals from tightly co-evolved communities via abiotic environmental filtering -arising from the creation of new environmental conditions following some mixing events; for example, in estuaries, bioturbationcould affect community coalescence outcomes ( Figure 1) .
A tantalizing question arising from the study is if -and under what conditionsthere can be also a community 'hybrid' effect or overyielding; that is, can the mixed community outperform any of the communities entering into the coalescence event. This could, for example, happen through supplementing already high-performing communities with certain community modules or species that further increase turnover of substrates or biomass yields. Such supplementation could arise when species (or modules) with respective properties were absent from some communities because of dispersal limitation. Such high-performing communities would be of particular interest in a microbiome-engineering or biotechnology context.
A particularly innovative aspect of the paper was the community diversity experiment. For this, the authors have been inspired by biodiversity-function experiments pioneered in plant ecology, in which the identity of species (and thus community composition) has been disentangled from richness effects on a given process rate [8] . In the Sierocinski study [3] , the authors substituted species with communities, using progressively larger numbers of communities that are mixed. The authors find a pattern similar to a sampling effect, which means that the likelihood of including a high-performing community in the mixture increased with increasing community 'richness'. It will be very interesting to see under what circumstances there can be complementarity effects as well. And it would be great to test what other aspects of the coalesced communities change along this community-richness coalescence gradient as well: for example, temporal stability, or resistance to various disturbances or stressors.
As the authors point out, a direct demonstration of the role of co-selection in mixing outcomes is precluded by technical limitations when working with complex and/or environmental communities. They instead utilize a nonnegative least squares technique to estimate the mean relative contribution of each community to the mixture. This technique is widely applicable for the investigation of the role of co-selection in community coalescence events in both controlled laboratory settings and the field.
Undeniably the authors have developed a fantastic experimental system with which to explore such questions and many more. For understanding the generality of effects, it will also be necessary for the microbialecology community as a whole to develop other tractable experimental model systems; these might include highly engineered communities consisting of cultivable microbes and may also include additional trophic levels. Naturally occurring communities that come to mind Community-coalescence scenarios are depicted with communities with a low degree of community cohesion/co-evolution (A and B) and a high degree of community cohesion/co-evolution (C and D), in conditions with a minimal amount of abiotic filtering expected (for example, a laboratory experiment with communities grown in common media) and conditions with a higher amount of abiotic filtering expected (such as freshwater and marine communities meeting in an estuary; gradient of conditions represented by transition from white to blue). In the top left panel, all of the most efficient organisms (darkest green) dominate the mixed community, whereas in the top right panel it is rather the most efficient initial community that dominates the mixture. In the bottom panels, abiotic filtering due to changes in the environment (for example, salinity) is expected; those organisms from the initial communities that are eliminated by environmental conditions are indicated with a red X. In the bottom left panel, the most efficient surviving organisms dominate the final community. The bottom right panel illustrates an extreme potential scenario where members of the more efficient initial community are excluded by environmental conditions, leaving a more poorly performing community to dominate the mixture.
Current Biology 27, R1268-R1286, December 4, 2017 R1281 [10] . In that sense, microbial studies could be helpful for understanding the rules governing such large-scale interchanges of other biotic groups: those in the past, as well as any occurring in the future.
Insects, the most specious and diverse group of animals on our planet [1] , have benefitted greatly from the acquisition of mutualistic bacterial partners. Many of these symbiotic associations are obligatory for host survival, because the bacterial partner provides vital nutrients, such as essential amino acids, that are lacking in the insect's natural diet [2] . Others are facultative in nature, providing benefits such as the ability to resist environmental stresses [3] , avoid predation [4] , or detoxify environmental poisons [5] . When bacteria undertake long-term associations with insect hosts, they evolve in a degenerative fashion towards a minimal gene inventory that facilitates only those metabolic functions that are beneficial in the confines of the symbiotic lifestyle [6] . In many cases, this makes it possible to accurately infer the functions of the bacterial partner based solely on inspection of its gene inventory. However, it also limits experimental validation of symbiont functions, because the bacteria cannot be cultured outside of their host and the insects often cannot be raised without their precious bacterial associates.
In a recent paper in the Proceedings of the National Academy of Sciences [7] , Anbutsu and colleagues performed an elegant and comprehensive series of experiments to elucidate the function of
